Whole chromosomal DNA probes were used to identify clinical isolates of Mycobacterium tuberculosis, Mycobacterium avium complex, and Mycobacterium gordonae. The probe for M. tuberculosis was prepared from Mycobacterium bovis BCG, which has been shown to be closely related to M. tuberculosis. A probe for the M. avium complex was prepared from three strains representing each of the three DNA homology groups in the M. avium complex. The probes were used in dot blot assays to identify clinical isolates of mycobacteria. The dot blot test correctly identified 57 of the 61 (93%) cultures grown on solid media, and 100% of antibiotic-treated broth-grown cells were correctly identified. Identification by dot blot required a maximum of 48 h. When the probes were tested against 63 positive BACTEC (Johnston Laboratories, Inc., Towson, Md.) cultures of clinical specimens, 59% were correctly identified. However, of the 14 BACTEC cultures that had been treated with antibiotics before being lysed, 13 (93%) were correctly identified.
Whole chromosomal DNA probes were used to identify clinical isolates of Mycobacterium tuberculosis, Mycobacterium avium complex, and Mycobacterium gordonae. The probe for M. tuberculosis was prepared from Mycobacterium bovis BCG, which has been shown to be closely related to M. tuberculosis. A probe for the M. avium complex was prepared from three strains representing each of the three DNA homology groups in the M. avium complex. The probes were used in dot blot assays to identify clinical isolates of mycobacteria. The dot blot test correctly identified 57 of the 61 (93%) cultures grown on solid media, and 100% of antibiotic-treated broth-grown cells were correctly identified. Identification by dot blot required a maximum of 48 h. When the probes were tested against 63 positive BACTEC (Johnston Laboratories, Inc., Towson, Md.) cultures of clinical specimens, 59% were correctly identified. However, of the 14 BACTEC cultures that had been treated with antibiotics before being lysed, 13 (93%) were correctly identified.
The steady decline of tuberculosis in North America has been coupled with reports of a marked increase in the isolation rate of mycobacteria other than Mycobacterium tuberculosis (9, 10, 12, 13) . The proportion of mycobacterial pulmonary disease caused by mycobacteria other than tubercle (MOTT) bacilli in the United States is reported to range from 0.5 to 30%, with organisms in the Mycobacterium avium complex predominating (8) (9) (10) . More than 80% of the isolates recovered from acquired immune deficiency syndrome patients have been identified by the Centers for Disease Control as M. avium complex, and 9% have been identified as M. tuberculosis (5) . Pulmonary disease caused by MOTT bacilli can be indistinguishable from tuberculosis (8, 10, 12) .
The high incidence of disseminated mycobacterial infections in acquired immune deficiency syndrome patients has intensified the interest in rapid identification of acid-fast bacilli (4, 13, 23) . M. avium complex strains are generally resistant to the drugs normally prescribed for M. tuberculosis infections and require alternate drugs (rifabutin and clofazimine) (8) . Both of these experimental drugs can be toxic and are not provided to the physician unless the mycobacterial isolate has been identified as M. avium complex. Consequently, the need for rapid identification of mycobacteria has increased due to their role as opportunistic pathogens of acquired immune deficiency syndrome patients along with the apparent increase of disease caused by MOTT bacilli in the general population. In addition to therapeutic and diagnostic considerations, rapid identification of mycobacteria may facilitate follow-up of contacts of patients from whom M. tuberculosis has been isolated.
Most pathogenic species of mycobacteria grow slowly and may require up to 8 weeks or longer for isolation and additional time (a minimum of 2 weeks) for identification (22) . In a recent study, the detection time for M. tuberculosis, using conventional systems, was 9 to 58 days and the detection time for M. avium was 7 to 67 days (14) . In both instances detection was influenced by the source of the * Corresponding author. specimen and whether the smear was positive or negative for acid-fast bacilli (14) .
The radiometric BACTEC system (Johnston Laboratories, Inc., Towson, Md.) for mycobacterial cultures has greatly decreased the time for final identification and susceptibility testing of M. tuberculosis, with detection times of 2 to 39 days (14, 16) . M. tuberculosis isolates can be presumptively identified by comparing growth in a control vial with growth in a second vial containing p-nitro-a-acetylamino-phydroxypropiophenone (NAP) (11) . Strains that are inhibited by NAP are presumed to be M. tuberculosis, whereas those that grow are presumed to be MOTT bacilli (11) . With this system, the time for confirmation of M. tuberculosis can range from 3 to 45 days (14) . As with conventional systems, detection by BACTEC is influenced by the source of the specimen and whether the smear was positive or negative for acid-fast bacilli (14) . The BACTEC system can provide rapid growth of M. avium complex isolates, with a detection time of 3 to 23 days. However, the BACTEC system does not provide more rapid identification of any of the MOTT bacilli (14) .
Cloned DNA probes have been shown to be clinically useful for identifying species of fastidious or slow-growing bacteria (15, 19) . More recently, we have shown that whole chromosomal DNA probes can also be used for identifying bacteria (17, 18 (14) . All nine strains tested were unable to grow after 15 min of ethanol treatment. The pellets were usually dried to remove the ethanol before the cells were lysed.
Preparation of test DNA samples. Initially, dot blots were run using purified DNA samples from the reference strains.
Once we had established that the probes were specific for each homology group, we examined 50-ml broth cultures grown to the log phase (turbidity equal to a 0. 5 McFarland standard) and pretreated with D-cycloserine and ampicillin for 18 h before harvesting of the cells as described by Crawford et Nitrocellulose filter assay. Mycobacteria have a high G+C content; therefore, hybridization of the dot blots was performed at 50°C overnight and the blots were washed at 60°C for a total of 30 min. The higher temperatures were required to reduce background. The solutions for the prehybridization, hybridization, and washes were identical to those previously described (17, 18) . The filters were dried and exposed to X-Omat film (Eastman Kodak Co., Rochester, N.Y.) for 4 to 17 h at -70°C before the autoradiograph was developed. The specimens were identified as indicated in Table 1 .
BACTEC cultures. BACTEC mycobacterial 12B
(Middlebrook 7H12 broth supplemented with 14C-labeled palmitic acid) in vials (Johnston) was inoculated with processed clinical specimens as recommended by the manufacturer (14, 16) . Cultures from the BACTEC vials were harvested when the growth index read between 500 and 999. The cultures were removed from the vials with a needle and syringe and centrifuged for 15 min at 5,000 x g, and the supernatant was removed. We found that 15 min in ethanol followed by dilution in an equal volume or greater of water or 0.85% saline caused the cells to lyse, with significant loss of DNA occurring in the washing process. As a result, we washed the pellets three times with S ml of 0.85% NaCl before adding 0.5 ml of 70% ethanol. Washing was done in the Mycobacterium Laboratory under appropriate safety conditions to minimize 14C contamination of filters. After the ethanol was added, the pellets were vortexed, held at room temperature for 15 min, and stored at -70°C until needed. At that time, the samples were dried to remove the ethanol and suspended in 0.5 ml of water. The last 14 BACTEC vials were treated with D-cycloserine and ampicillin for 24 h before harvesting. The exposure time of the X-ray films was generally 7 days with these specimens. The specimens were identified as indicated in Table 1 . RESULTS Sensitivity and specificity of probes on dot blots. The initial blots were done with purified DNA from the reference strains as both the probe and target DNA under standard hybridization conditions. Under these conditions, the M. bovis DNA probe hybridized only with DNA from M. bovis and M. tuberculosis. The M. gordonae probe reacted only with other isolates of that species, and the M. avium complex probe hybridized with the three individual strains which made up the probe (M. avium, M. intracellulare, and M. scrofulaceum). No cross hybridization was seen, even when the X-ray films were incubated for 2 weeks before development (the normal incubation time for pure DNA was <17 h). Using purified DNA, we could routinely detect 100 pg, which corresponds roughly to 104 bacteria, although the sensitivity varied from 10 to 100 pg.
We then examined the feasibility of using whole bacteria for the source of the target DNA. Previous work has shown that the addition of antibiotics to log-phase mycobacterial cultures increased their susceptibility to lysis (7) . Identical broth cultures without antibiotics were also used for comparison. The antibiotic-treated cells lysed more completely than did the untreated cells. This was judged by the intensity of the hybridization and the extent to which we could dilute the specimen and still observe a reaction. However, the untreated cells provided a strong signal with homologous probes. We then examined the sensitivity of the probes by using the homologous strains grown on agar plates without antibiotics. The plate-grown organisms gave a positive reaction which was similar to that of the organisms grown in broth without antibiotics.
The specificity of the three DNA probes was tested against 18 other Mycobacterium species. These species were treated with antibiotics to insure maximal lysis and tested against the three probes. None of these species reacted with the probes. In addition, common BACTEC contaminants, including C. albicans, S. aureus, S. epidermidis, viridans group streptococci, S. pneumoniae, P. mirabilis, Lactobacillus sp. E. aerogenes, E.coli, Klebsiella sp., and P. aeruginosa, were grown on blood agar plates and tested with the three probes. No cross-reactions between these common contaminants and the probes were observed, even after extended (2 weeks) incubation of the X-ray film.
DNA probes against DNA dot blots prepared from clinical isolates. Sixty-one clinical isolates were grown on M7H11 agar plates, spotted, lysed, and tested with each of the three probes ( determining whether positive BACTEC cultures could be used as the source of the bacteria because this would greatly reduce the time required for identification. Initially, the ATCC probe strains were inoculated into BACTEC bottles and grown to a growth index of 100. The cultures were pelleted by centrifugation, and a 5-pul sample was spotted and read in a scintillation counter. The 14C level associated with the pellets was very high (1,000 to 20,000 counts per 5 pul). This amount of radiolabel was able to expose the X-ray film and thus interfere with detection of the 32P-radiolabeled probes used in the dot blot assay. However, the type of spot made by 14C was different in appearance from that made by 32p; the 14C spot could be blocked or greatly reduced, depending on the total radioactivity, by placing tape over the area. Therefore, we used 32P-labeled probes for testing BACTEC-grown organisms by washing the pellets three times in 5 ml of saline, which removed some of the 14C label from the cell pellets. Washing the cells reduced the radioactivity associated with the pellet at least 10-to 100-fold. Thus, the BACTEC cultures for dot blot tests were routinely washed three times before inactivation in ethanol. Initial experiments with the homologous probe and BACTECgrown strains were successful. At this point we began screening positive BACTEC cultures from the clinical laboratory as they became available.
Using this approach, we tested 63 BACTEC positive cultures and were able to correctly identify 70% of the M. tuberculosis strains and 56% of the M. avium complex strains with the DNA probes ( Table 3) . Fourteen of the BACTEC cultures (Table 3) were incubated with antibiotics before processing. When these were examined separately, 13 (14) . However, subculture and conventional biochemical testing are still necessary for identification of the M. avium complex with the BACTEC system. This can require an additional 2 to 4 weeks or more (11, 14) . Use of the DNA probe test can reduce the time for identification of the M. avium complex in BACTEC cultures to 1 week. For cultures on solid media, identification of both the M. avium complex and M. tuberculosis with the DNA probes averaged 36 h with a 93% sensitivity, which is significantly faster than either conventional tests or the BACTEC NAP system for species identification.
